Alzheimer's disease (AD) is a common, progressive, fatal neurodegenerative disorder, which will play an increasingly important role both socially and financially in the aging populations. Treatments for AD show modest improvements in cognition and global functioning among patients. Furthermore, the oral administration of treating AD has had some drawbacks that decrease the medication adherence and efficacy of the therapy. Transdermal drugs are proposed as an alternative remedy to overcome the disadvantages of current pharmaceutical dosage options for this chronic disorder. They could have different strengths, such as offering a stable diffusion of active substance, avoiding the first pass metabolism, and reducing system adverse reactions. This article reviews the technical principles, novel techniques of transdermal delivery drug, and prospects for future development for the management of cognitive and behavioral dysfunctions in AD patients.
Introduction
T he first case of Alzheimer's disease (AD) was recorded in 1906 by Alois Alzheimer. Alzheimer causes mental and physical decline as a result of a progressive degeneration of neurological system, which progresses until death. While every part of cerebral cortex is involved, the occipital pole may be less affected in the great majority of patients. The cortical ribbon could be thinned, and the temporal horn shows obvious signs of ventricular dilatation due to atrophy of the amygdala and hippocampus. The main neuropathological hallmarks are the extraneuronal senile plaques and intraneuronal neurofibrillary tangles. Loss of neuronal synapses and neuronal death results due to decrease in acetylcholine and other neurotransmitters. Amyloid plaques and neurofibrillary tangles are both clearly visible under the microscope. AD can be characterized by gross diffuse atrophy of the brain, along with the loss of neurons, neuronal processes, and synapses in the cerebral cortex and certain subcortical regions, resulting in degeneration of the temporal lobes, parietal lobes, parts of the frontal cortex, and cingulated gyrus. Levels of some neurotransmitters, such as acetylcholine, serotonin, norepinephrine, somatostatin, and corticotropin-releasing factors, are reduced while the glutamate level is usually elevated. Accordingly, the affected people suffer from cognitive decline, memory impairment, difficulties in decision-making, and behavioral changes. [1] AD is one of the most common neurodegenerative disorders observed in more than 80% dementia patients in geriatric population. [2, 3] Because of increasing of life standards over the next decades, the number of Alzheimer victims will grow up from 47 million patients now to 130 million by 2050. [4, 5] Due to the report of World Alzheimer, $818 billion was the social and economic cost for dementia in 2015, and it was estimated to rise to 1 trillion by 2018. There are five drugs which were approved by the Food and Drug Administration (FDA) for of AD: Tacrine, rivastigmine, donepezil, and galantamine as cholinesterase inhibitors therapy and memantine as noncompetitive N-methyl-D-aspartate (NMDA) receptor antagonist. [6] These substances are mostly available in oral administration. Many disadvantages were reported, for example, the current dosage forms as high doses cause adverse reactions such as abdominal pain, nausea, vomiting, anorexia, and abdominal pain, [7] the poor medication adherence due to characteristics of disease with the age group, [8] low compliance because of high incidence of dysphagia and memory loss, [9, 10] and variation of blood levels of drugs. Besides, other effects such as hepatotoxicity, renal failure, asthenia, or malaise often lead to discontinuation of treatment in affected people. [11] Fortunately, transdermal delivery systems could be the solution for these drawbacks, and it could be an advantage as a novel therapeutic approach. It bypasses the first-pass metabolism because drugs are absorbed directly into the blood through the skin to enable use at low doses [12] and circadian cholinergic rhythms would be unaffected. [13] Furthermore, transdermal drug delivery system could offer therapeutic levels of the drug in systemic circulation through a controlled drug delivery, while decreasing side effects by excluding the large fluctuations of plasma concentration of the drug, [14] and is particularly useful for patients with discomfort in swallowing. Transdermal patches would improve patient compliance as well as the benefit in prolonged use of drugs and preferred by caregiver during long-term treatment of disease. [15] The transdermal products in Alzheimer's disease known as a rivastigmine patch that product had an excess of US $400 million in sales in 2014, highlighting the commercial success of transdermal products for patients suffering from this condition. The purpose of this paper is to review recent the fabrication of transdermal pharmaceutical dosage form for treatment AD. In addition, the alternative technique will be discussed as improvement in the drug delivery for this neurological disorder condition.
Transdermal for Alzheimer's Disease

Cholinesterase inhibitors
The deficiency of acetylcholine was known as the oldest hypothesis of causing the AD. Inhibition of the enzymes which degenerate acetylcholine is an effective therapy for pharmacological treatment of this neurological impairment. This therapy is associated with adverse events in the gastrointestinal system, and fluctuation of plasma level causes the symptoms linked to cholinergic hyperstimulation, which reduces the medication adherence of patients. [16, 17] Therefore, the research conducted to transdermal administration has been indispensable, essential for the cholinesterase treatment.
One of the aims of the transdermal drug delivery is that it could facilitate the smooth and steady delivery of drugs through the skin as well as provide long-term efficacy with relatively low dose. The past and current transdermal delivery of acetylcholine inhibitions was evaluated as discussed below. More recently, the technical principles underlying the development of transdermal drug delivery systems are summarized in Table 1 .
Physostigmine
Physostigmine was the first anticholinesterase documented as transdermal drug against treat AD. There may be some short-comings such as narrow therapeutic window, poor bioavailability, high first-past metabolic, and low user compliance of the oral and intravenous route of this drug that should be improved. [38, 39] Levy et al. designed a formulation pad (3.6 cm × 3.6 cm) in 1986 which consisted of physostigmine in enhancer vehicle propionic acid and an ethylene/vinylacetate copolymer membrane with an adhesive on one side and an aluminum foil cover on its back. [40, 41] The human study with this structure showed that a stable plasma concentration was recorded at 0.56 ± 0.1 ng/ml during the test and correlated well with blood acetyl-cholinesterase inhibition. [18] Consequently, physostigmine transdermal system was fabricated by Lohmann Therapie-Systeme GmbH that contained 30 mg active molecular in surface area 30.2 cm 2 . The in vitro release revealed a stability of absorption from 8 h after administration over 22 h. The human test corresponded with the previous result like the therapeutic range maintained for 18 h after a single dose. [19] A clinical study was carried out in a large number of participants (204 patients) with this patch; however, the plasma concentrations which were obtained (100 pg/ml) may not be efficient in the compensation for cholinergic deficiencies in affected brain areas and to produce benefits. [42] To enhance the permeation, a copolymer of non-ion surfactant polyethylene glycol was developed as a transdermal drug delivery for physostigmine with the 20% concentration of solution in the mixture of water/ ethanol (80/20) and the amount of drug was 5.3 mg/cm 2 . The area under the curve (AUC) over 24 h experiment was 245.2 ± 337.2 h.ng/ml, and the mean patch flux reached 4.6 ± 6.3 μg/cm 2 by rabbit test. This promising report enabled a possible carrier for functional agent on Alzheimer therapy. [20] There has a demand for further investigation of this innovative system for physostigmine.
Tacrine
In the early stage of transdermal drug fabrication for AD, tacrine was one of the experimental drugs. Tacrine is a reversible cholinesterase inhibitor; its passive diffusion was difficult because of the lipophilic and weak base Electroosmosis could act as current-induced convective solvent flow, while the skin could be buffered at a physiologic pH of 7.4, it acquired a net negative charge, causing electroosmotic flow to occur from anode to cathode. [44] In 2002, Kankkunen integrated tacrine in an ion exchange fiber to evaluate the permeation of this drug across the skin. A forming of drug reservoir was offered by the ion-exchange and was kept inside until they are released by the mobile ions which from the iontophoresis system. [21] The result showed that with the support from iontophoresis system, the delivery of active ingredients was well controlled to the steady state of about 14.9 ± 2.6 ng/ml in human beings until the device was turned off. [21] Subsequently, property. Therefore, the transport was done with the utilization of ion-exchange fibers and iontophoresis.
In an iontophoresis system, there were an anode with cationic or neutral therapeutic agents and a cathode with anionic therapeutic agents, which were utilized under an external electric field. The drugs had the same polarity with the electrode and were driven into the skin by electrorepulsion and electroosmosis. With electron repulsion, cationic drugs were driven into and through the skin by the anode (active electrode), which also extracted anions from the tissue underneath the skin into the anode. At the cathode (return electrode), anionic buffer ions were driven into the skin and cations from the tissues are extracted into the cathode.
[43] Controlled release pattern [37] delivery parameters for iontophoresis were reported by Upasani and Banga in 2004. Iontophoresis is a complex process which is affected by many factors such as drug concentration, molecular size, and strength of the donor buffer and electrical factors such as current density and mode. At low current density, the permeation of substance was not influenced; however, with high current density, the concentration was in ratio with the drug diffusion. [22] Finally, the dependence of iontophoresis delivery of tacrine on electronic variables and formulation variables was demonstrated that helped the formulators to optimize the conditions for the absorbance of this drug through the skin. [23] In 2013, despite benefits on cognition, tacrine was withdrawn from the market because of the adverse effect related to the hepatotoxicity. [45, 46] Rivastigmine Transdermal patches were developed in the 1970s and the first was approved by the FDA in 1979. In most patch designs, the drug is stored in a reservoir that is enclosed on one side with an impermeable backing and has an adhesive that contacts the skin on the other side. [47] A special membrane is used to control the rate, at which the liquid drug contained in the reservoir within the patch can pass through the skin and into the bloodstream. There are some methods to apply simultaneously with the patch to reach a diffusion of the active substance such as iontophoresis, electroporation, ultrasound, and microscopy projection. [48] The first generation of patch acted as a simple reservoir integrated a piece of plastic with an adhesive edge dipped into the drug solution in alcohol, this system caused irritation on the skin. [24] The development of matrix patch next overcame this drawback. This kind of system was designed in four layers [ Figure 1 ], which help release the drug consistently, thus avoiding skin reaction and prolong the adhesion duration. [24] Rivastigmine appeared promising because of the suited chemical properties and the requirement for the small daily dose. The rivastigmine patch includes drug, antioxidants, polymer mixture, and silicon matrix adhesive into a single layer from which the drug would diffuse. With the unique technology, it could reduce the surface and thickness of the patch which making the convenient dosage form for administration. The surface of site patch application is proportional to the level of active substance that enter the bloodstream and it was formed in three sizes in the market 5 cm 2 (4.6 mg/24 h), 10 cm 2 (9.5 mg/24 h), and 15 cm 2 (13.3 mg/24 h). [49] In spite of these advantages, passive permeation is limited by the natural function of the skin acting as an barrier to prevent the diffusion of substances. [50] The loss of patch from the skin and the skin irritation has was observed during the treatment with this patch, [51] leading to the hypothesis that using low-frequency sonophoresis could improve these advantages. The ultrasound would create the localized transport pathways that permit the penetration of drug through the skin. [52] The formulation with rivastigmine, sodium carboxymethyl, and glycerol was formed and put under the low-frequency ultrasound. A dramatic increase in transdermal absorption for rivastigmine in vitro with C max of 0.8 of active group and 0.28 μg/ml of control group was observed; AUC value was 12.35 compared with 4.14, respectively. [25] A recent advance is the 6-day dosage form of transdermal rivastigmine. Chitosan, a N-deacetylated derivative of chitin, is a novel drug carrier or reservoir for controlled release because of its structural possibility for chemical and mechanical modifications. [53, 54] Microparticles integrated into the acrylic adhesive provided the prolong release of active drug over almost 1 week. Significant improvement of diffusion in vitro was demonstrated. This is considered as the feasible replacement from 1 day dose to 6 days dose application of anti-Alzheimer pharmaceutical dosage form. [26] 
Donepezil
In the late 2008s, transdermal donepezil pharmaceutical dosage form has been evaluated. Among the cholinesterase inhibitors, donepezil is the most superior due to its high potency and selectivity for the enzyme in the central nervous system. [55] Valia et al. proposed two types of patches: A drug reservoir-in-adhesive and a drug matrix-in-adhesive [ Figure 2] . A faster influx of functional substance was achieved with the second variant because the drug would migrate from reservoir into and through the adhesive layer. This novel system facilitated the controlled release by the correction of active surface of the patch which contacts directly to the skin. [27] Subsequently, Kim and Gwak demonstrated that various vehicles as solvents and permeation enhancers as fatty acids could improve the diffusion of donepezil through the stratum corneum go into the blood. Excised hairless mouse model was used for penetration test, and it was reported that the formulations including isopropyl alcohol, ethyl alcohol, and water acted as co-solvents and increased the permeation fluxes. The most exciting result was the formulation that contained isopropyl alcohol integrated to pressure-sensitive adhesion including glycol monoethyl ether and propylene glycol monolaurate (40:60), which showed the highest permeation flux (0.1 ± 0.0024 μg/h/cm 2 ). This was the most favorable candidate for donepezil transdermal delivery. [28] In tandem with previous reports that fatty acid could improve the permeation rate, the base or salt form of donepezil saturated in propylene glycol with 1% oleic acid and palmioleic acid increased the diffusion ratio up to 19.31 μg/h/ cm 2 from 1.63 μg/h/cm 2 and 98.29 μg/h/cm 2 from 0.9 μg/h/cm 2 , respectively, in rat model. Equally importantly, the C max was at steady state at 52.2 ng/ml and maintained for 48 h with donepezil formulation using oleic acid. [29] Iontophoresis system was applied for the penetration of a patch with gel formulation of donepezil across the skin, which by Saluja et al. The pharmacokinetic parameters showed a significant enhancement of dose delivered/day, C max , T max with the iontophoresis application groups compared to intravenously route. Besides, the apparent elimination half-life following transdermal administration was longer than vascular injection method with an average number of 13.4 h, 14.9 h, 29.2 h (0.13 mA, 0.26 mA, 0.39 mA, respectively) with 3.2 h. [56] Thus, iontophoresis could offer an attractive pharmacotherapy option in treating AD. Patches with different doses 8.75 mg/2.5 2 , 17.5 mg/5 cm 2 , and 35 mg/10 cm 2 donepezil were tested in the rats with the result cited that C max was dose proportional (36.5 ng/ml, 64.4 ng/ml, and 129.1 ng/ml, respectively) with T max values of 24-36 h compared to C max 41.4 ng/ml of oral single dose administration. [30] Galipoglu et al. used the biopolymer from sodium alginate combined with the permeation enhancers in formulation to fabricate the transdermal films of donepezil. The test with pig skin showed that the penetration rate was 12.45 μg/h/cm 2 , which was similar to the previous study of 16.5/h/cm 2 . [29] Thus, transfer donepezil by novel polymer-based films seemed possible for management of neurological disorder. [31] Microneedles are tiny scale of single or array needle used to overcome the barrier characteristic of skin and to deliver the substances which have the specific physicochemical properties. [57] An optimal formulation for encapsulating high amount of donepezil on tips of dissolving microneedle was assessed to address the acceptable clinical application [ Figure 3 ]. Approximately 78% w/w of active substance was encapsulated in the microneedle with enough mechanical strength, and 95% of this content was delivered through the porcine skin on 5 min. In addition, a satisfactory result of pharmacokinetics in rats was cited as evidence with the C max that was higher than 4 times compared to the oral administration at 9 ng/ml. This sophisticated technology could be the replaceable therapy for the prescription anti-AD therapy. [32] In addition to the state-of-art of microneedle pharmaceutical dosage form, the hydrogel microneedle integrated with transdermal patch donepezil film was prepared to add more proof-of-concepts for microneedle in transdermal delivery of anticholinesterase drugs [ Figure 4 ]. It was observed that the dose of 2.5 mg and 5 mg resulted in plasma level of 35.6 ng/ml for the first dose and 51.8 ng/ ml for the latter dose. Furthermore, the concentration progressively increased and was constant over 24 h and experiment due to the microneedle swelling during the treatment time. [33] Gencturk et al. made the polyurethane hydroxyl propyl cellulose electrospun nanofiber mats as a potential carrier system for transfer of donepezil across the skin. In vitro permeation study showed that the flux of functional molecule was 20.3 μg/h/cm 2 , which addressed the requisite therapeutic range. Because of the mechanism of the diffusion, drug in the surface of nanofiber would dissolve first after that the drugs inside the matrix would release slowly in sustained manner; this is suitable for the controlled release of anticholinesterase for management AD. [34] Phenserine Phenserine has the same disadvantages as an anticholinesterase like first-past hepatic and digestion metabolism. To minimize this problem, the ointment formulation of phenserine was developed and tested in vitro, in vivo. The in vivo result indicated that this drug induced the efficacy, with both plasma (30% decrease at 8 h) and brain (60% inhibition), resulting in improved cognitive function in the animal model. [10] This finding offered the clinical benefit of transdermal phenserine delivery; however, more research are needed before marketing the drug.
Galantamine
Unlike other anticholinesterase substances, galantamine has dual action as it inhibits the cholinergic system and modulates allosterically nicotinic acetylcholine receptors. [58] The oral administration of this active molecular was presently approved for use in the market. [59] A drug-in-adhesive transdermal form of galantamine was designed to offer a novel pathway for treating Alzheimer's patients. The effect of formulation factors such as pressure-sensitive adhesive, enhancers, and drug concentration was evaluated. It is documented that the optimal patch contains 8% galantamine, 3% acid oleic in DT-2510 (a -OH group functional pressure-sensitive adhesive) and has a high bioavailability about 80%, with a stable concentration of active compound over a long period; being 24 h in animal test of rabbit model. [35] In 2015, Fong Yen et al. fabricated the gel reservoir in a patch for this substance and observed its effect. The highest drug release was achieved with lower amount of polymer, cross-linker, higher amount of drug, chemical permeation enhancer. The gel had suitable characteristics that could be used to produced transdermal system for anti-AD. [36] Accordingly, an optimal formulation of gel reservoir was optimized which contained 0.89% w/w carbopol, 1.16% w/w triethanolamine, and 4.19% w/w galantamine. This patch had amount of substance extraction at 8 h at 16.93 mg/cm 2 and actual permeation flux of 2.32 mg/h/cm 2 , thus allowing high drug content and controlled drug release pattern for transdermal delivery of galantamine. [37] 
Noncompetitive N-methyl-D-aspartate: Memantine
There is a hypothesis that excessive activation of NMDA receptors may underlie the degeneration of cholinergic cells. Memantine blocks the NMDA receptors during the sustained release of low concentrations of glutamate and therefore reduce the NMDA receptor's function. [60, 61] Recently, the transdermal dosage form of this active compound has been formulated for an alternative strategy for the management of AD. del Rio-Sancho et al. evaluated some factors which could provide an increase the permeability of memantine across the outermost layer of the skin. It is recorded that pretreatment with oleic acid, decenoic acid, or laurocapram gave a statistically dramatic increment of the transdermal flux of memantine (P < 0.05), providing a flux value of 24.5 ± 3.2, 22.6 ± 2.3, and 38.4 ± 4.7 lg/h/cm 2 , respectively. The highest flux value was cited when treated with R-(+)-limonene. Besides that, the most commonly used physical enhancer is iontophoresis which was much more efficient than all chemical enhancers tested, and it increases 22.3 folds the memantine flux with passive diffusion. [62] Consequently, the patch of memantine was prepared with specific polymer for controlling release as Platoid B and this system was assessed for pharmacokinetic in rats. In single doses, the transdermal patch had the AUC value higher 4.3 times than oral doses; meanwhile, the C max was similarly compared with oral route. In addition, the multiple dose study showed that AUC 0-24 of patch administration corresponded with AUC 0-12 of oral method. In addition, the memantine patch formulation displayed a smaller inter-individual variability and lower accumulation than the oral formulation. [63] This report established the feasibility of applying memantine delivery through the skin for treating Alzheimer's patients.
Other Drugs Allopregnanolone
A recent advance in AD is the preservation of neurological function and prevention of neurogenerative disease by targeting the regenerative neurogenic capacity of the brain as a promising, alternative remedy. [64] The triple transgenic AD mouse was the model for the effect of allopregnanolone in increasing the neurogenesis within the hippocampus and sustaining the memory function to normal before and following the onset of AD pathology. [65, 66] Notwithstanding the well-suited properties for targeting the brain bases such as small molecular weight, low number of hydrogen bond donors and receptors, and alogp 5.042, this active substance is difficult to formulate in aqueous form. [67] Therefore, transdermal would be the novel choice for applying this molecular in curing AD. A gel solution of allopregnanolone was tested in the pharmacokinetic animal models. The result in rabbit experiment showed that C max was 9.6 ng/ml following 15 min application and the concentration of compound in brain was higher than intravascular allopregnanolone after 8 h. Interestingly, this drug level was maintained in the brain for 24 h during the study period, resulting in neurological system exposure with the transdermal therapy that was 36% of the IV group. [68] 
Vaccine therapy
The amyloid β (Aβ) oligomers vaccine therapy is based on the hypothesis that one of characteristics of the AD pathology such as neuronal cell death and the cognitive decline is the deposition of Aβ in the brain parenchyma. [69] The Th2-dominant immune responses have been the target of the researches. Skin is the best candidate for the vaccine therapy due to the abundance of T-cell in the dermis. [70] Matsuo et al. prepared a dissolving microneedle system containing Aβ1-42 (a synthetic Aβ consisting of 1-42 amino acid residues) and adjuvant (cholera toxin) and the vaccine efficacy was tested in in mice. Although this system just offered a little improvement in cognitive function and Th2-dominant immune responses, it provide the novel, alternative therapy for treating AD and would be further investigated. [71] Alkaloid from herbal medicine Huperzine A Among the alkaloids that are extracted from the herbal sources, huperzine demonstrates cholinesterase inhibitor property across the blood-brain barrier. [72] It has been approved as a supplement for treatment of AD in oral pharmaceutical dosage form administered 2-3 times per day in the USA and as a drug in China. [73] Transdermal form of huperzine A has been evaluated. Ye et al. fabricated formulated a patch which comprises three layers: A drug-free backing layer, a layer of adhesive containing drug and skin penetration enhancers, and a protective release liner. The active ingredient was dissolved in ethyl acetate and formulation had a 20 cm 2 surface area and contained 4 mg of huperzine A. The sustained release property of this system was evaluated in dog model. With the dose of 500 μg a day, the patch was applied for 84 h. The pharmacokinetic observations were T max value (24 h vs. 3 h), C max 3.4 ng/ml; AUC during the treatment was 325.6 ng/h/ml. Interestingly, the lowest drug concentration was 2.1 ng/ml and was maintained through 84 h. The patch exhibited a good controlled release characteristics and would be applied twice a week. [74] Consequently, a microemulsion-based patch of huperzine and ligustrazine was tested the permeation across the skin. It is reported that the microemulsion system increased the permeation rate of both drugs; thus, this might provide a feasible strategy for prevention of AD. [75] Recently, microemulsion, solid lipid nanoparticles, and nanostructure lipid carriers were formulated in gel form and assessed for permeation simultaneously. The microemulsion showed a superior penetration than nanostructure lipid carriers, followed by solid lipid nanoparticles (147.68 μg/cm 2 , 129 μg/cm 2 , 10.74 μg/cm 2 , respectively). [76] Vinpocetine Vinpocetine is an alkaloid derived from the common periwinkle plant that has a potential for use to improve memory function. [77] The transdermal formulation of vinpocetine using ethosome as a novel lipid carrier is under evaluation. Compared to vinpocetine solution, the nanoethosomal form increased the flux and entrapment efficiency and has a potential for transdermal use in AD. [78] Ligustrazine Ligustrazine is an alkaloid extracted from Chinese herbal medicine. It is hypothesized that this could be a novel drug candidate for treating AD due to the results from recent studies that demonstrated its role in improvement in hippocampal cholinergic system function. [79] It has certain disadvantages, such as short half-life, first pass metabolism, and low bioavailability. The transdermal route has been provided more opportunities for use of this drug in AD. Ethosome is an innovative liposome system that contains soft phospholipid vesicles in the presence of high concentrations of ethanol that enables penetration into the deep layers of the skin, both in terms of both quantity and depth. [80, 81] Ethosomal system offers a significant improvement in permeation and drug delivery. The improved behavioral performance of tested rats tested are a proof-of-concept that ethosome containing ligustrazine could be an alternative choice for transdermal delivery of this drug for AD. [82] 
Conclusions and Future Perspectives
A wide range of active compounds and therapies such as cholinesterase inhibitors, NMDA, vaccine, and alkaloid from herbal medicine have been under investigation in transdermal form for management of neurological disorders. The increase in permeability of these substances through the skin was demonstrated in vitro, in vivo as also their efficacy and lesser of adverse effects have been cited as the best evidence for the advantages of this route of drug delivery.
Although there is just one marketed product is in use, the results of these researches are promising. The Phase I trial for the donepezil patch has been completed and further studies are ongoing. Various transdermal drug delivery technologies are described including the use of suitable formulations, carriers and penetration enhancers.
The particular success of rivastigmine patch offers opportunities for development of similar formulations for patients with AD.
